Image quality assessment (IQA) research strongly depends upon subjective experiments to provide ground truth to train and evaluate the IQA algorithms. These subjective experiments are cumbersome and expensive. An objective method based on human visual characteristics is proposed to generate the ground truth for distortion images. The proposed metric called Normalised Objective Distortion Score (NODS), using the logarithm of distortion parameter as the image quality score, is easily realised so that much manpower and time cost can be saved. The effectiveness of NODS has been analysed through experiments on five state-of-the-art IQA algorithms, and the result shows that the NODS is stable and can work as well as the subjective score when evaluating the performance of the IQA algorithms.
Introduction:
The goal of all image quality assessment (IQA) research is to make quality predictions that are in agreement with the subjective opinion of human observers. It makes quality assessment research strongly dependent on expensive subjective experiments. The costs of the experiments limit the number and the categories of the image datasets seriously. There are some open IQA datasets such as TID [1] , IVC [2] , MICT [3] , LIVE II [4] and CSIQ [5] . The numbers of reference images in the above five datasets are 29, 25, 30, 10 and 14, respectively. It is really not enough to measure the performance of the IQA algorithms generally. The distortion categories in the open datasets include JPEG, JPEG2000, Gaussian blur, white noise, contrast and so on. They are very few compared with the real distortion phenomena in the world. In addition, the subjective score cannot always correctly reflect the real quality of a distortion image, which will be shown in the following experiments.
To address the aforementioned problems, a novel objective measure method named Normalised Objective Distortion Score (NODS) based on human visual characteristics is proposed in this Letter. Using the logarithm of the distortion parameter as the score of image quality, the NODS value is faithful to the actual distortion degree of the image and, taking NODS value as the ground truth of image quality, the performance of the IQA algorithms can be measured.
Method: Images in the IQA dataset are created through distortion algorithms from 'perfect' images. Taking the LIVE II dataset, for example, the distortion parameters, such as bitrates for JPEG compression and sigma for Gaussian blur, are given in the information files. In fact, the distortion parameters are highly relevant to the subjective experiments index of Different Mean Opinion Score (DMOS), and can reflect the image quality objectively. The curve in Fig. 1a indicates the correlation between them. It looks very close to a logarithm function. As early as 1972, Stockham [6] had indicated that the human visual system is nonlinear, and he had proved that the light sensitivity of human eyes is proportional to the logarithm of the light energy incident through experiments. We calculate the logarithm of distortion parameters in Fig. 1 , and the result is shown in Fig. 1b . It can be seen that the logarithm of distortion parameter indeed has strong linear correlation with DMOS. According to the above analysis, we designed the NODS index based on image distortion parameters. Given a dataset X with n distortion images, the objective distortion score (ODS) of the ith (i ∈ {1, 2, …, n}) image is calculated as the following formula:
where p i is the distortion parameter of the ith image.
To limit the ODS value to an interval, the result of formula (1) is normalised as the following formula:
where m = min(ODS i ) and M = max(ODS i ). The NODS value is between 0 and 100. The larger the NODS value, the worse the image quality becomes. Similar to subjective quality score, the NODS values for an image dataset can be used to train and measure the performance of the IQA algorithms.
Experiments and results:
To validate the effectiveness of the proposed NODS, four groups of experiments including linearity, sensitivity, stabilisation and evaluation effectiveness for the IQA algorithms were performed. The dataset LIVE II was selected as the tested dataset for providing detailed information of the distortion parameters. Linearity experiment tests the linear correlation between NODS and subjective scores DMOS. The evaluation criteria include Pearson linear correlation coefficient (LCC) and Spearman rank-order correlation coefficient (SROCC). The value of LCC and SROCC between NODS and DMOS is shown in Table 1 . It can be seen that the proposed NODS has strong linear correlation with DMOS. In the sensitivity experiment, we test whether the NODS changes reasonably with the real quality of the image. Table 2 . It is logical that the NODS value increases from Figs. 2a-d, while the DMOS does not make sense for Fig. 2c and d . NODS is calculated from the objective distortion parameter, therefore it is always in the same order as the real distortion degree; compared with NODS, the DMOS is obtained through subjective experiments. Various changes in experimental conditions, including inconsistent experiment circumstances, the individual differences between observers and the method of raw scores processing, may result in subjective scores unfaithful to the real image quality.
In the stabilisation experiment, five groups of distortion images were selected from the LIVE II dataset, and every group of images has the same distortion parameter with different contents. Table 3 is the mean and deviation of NODS and DMOS for these tested images. Compared with DMOS, the deviation of NODS is 0 for every group of tested image. Human beings are often influenced by the contents of the images when they score the distortion images, which will result in different DMOS values for images with the same distortion degree from different scenes. This problem cannot be solved completely even by increasing the number of observers. Because the NODS index comes from the real distortion parameter, it is objective and stable. Note: The image number of every group is no more than 10 because few samples meet this experiment condition in the dataset.
The NODS is proposed in this Letter as a new method to provide the ground truth for the IQA datasets in order to evaluate the IQA algorithms. Here, we need to validate whether the NODS has consistent evaluation results with subjective experiments score DMOS. The number of tested distortion images totalled 634, and the distortion categories include JPEG, JPEG2000, Gaussian blur and white noise. Using DMOS and NODS as the ground truth of distortion images, respectively, five published IQA algorithms including PSNR, MS-SSIM [7] , VIF [8] , RRED [9] and BIQI [10] are evaluated. We calculated the LCC and SROCC indices between the ground truth and prediction of the IQA algorithms for every distortion category, respectively, and then calculated their mean (shown in Table 4 ). It can be seen that the evaluation results for the five IQA algorithms by NODS have the same order and trend as that by DMOS. It means that the NODS can be taken as the ground truth of the distortion images to evaluate the performance of the IQA algorithms. Conclusion: An objective metric NODS based on human visual characteristics is proposed to provide the ground truth for the IQA dataset in this Letter. Using the logarithm of the distortion parameters as the score of image quality, the NODS value has strong linear correlation with the subjective score DMOS. Therefore the NODS can play the same role as the subjective score in IQA research. The experiment shows that NODS has consistent evaluation result for the IQA algorithms with the expensive subjective score. NODS is stable and easily-obtained, and use of the NODS method to generate the ground truth for the IQA dataset can save vast manpower and material resources so that the IQA dataset containing more images and covering more distortion categories can be built very easily.
